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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electronic watermark system that has 
immunity to local deformation by a StirMark attack and D-A-D-conversion. 
SOLUTION: An electronic watermark imbedding device 1 that imbeds watermark 
information to object digital contents, receives a prescribed phase unchanged 
amount corresponding to the watermark information to be imbedded to the 
contents, and revising the part of the contents used for imbedding the watermark 
information can set a prescribed phase unchanged amount to the contents. The 
contents subjected to watermark information imbedding are distributed through a 
distribution path 3. An electronic watermark detector 2 detecting the watermark 
information imbedded to the contents from object digital contents detects the 
prescribed phase unchanged amount set to the contents on the basis of the 
predetermined part in the contents and outputs the watermark information 
corresponding to the detected prescribed phase unchanged amount. 
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Stir Mark ft* I>A-DJt* 



[|I#Il4]4£3$<Di!illEteSI:^JCT^^ 

mma^^^^^^^m^cDii^feoT.miERiTS<DmaT^«^^ 
iia^fciisiziEacom^is^Ls^^ao 

[lI^il6]HufEllflf$l*, f^Ffi^^ 
££^£«li*il5lcfE*£<Dm^^Lffl&)!£go 

[lI^il7]^EiS^¥PSii.^*ffl^^^^^m^Mls^^^^rfj 
M£;h,&iif]3&£iififEpjT£(2iifi&^ 

^^i^^'j^^^^aic^^E^m^^^-^^-r^i^^^^ii^-r^cii: 

^^mir-r^lI^ila^^liaicfEiE^m^iSA^Lil^go 

CS^iIi i iHtjfEzi^x^li, h! lhili^fclil&ilpu— A<7)iiifgi7-*— ^ 1ft 



teftfcfilfc<fctfRftfe{t(Dl£#l=<fcy#*&*iaffi^ 
TTftfBF;r£<Di£1l«:s£*&£C££^ 

^M^mL.I^g^^M^^JI^^L^TmBjtANUt^^^^C^^t 
"f <5>|jf*iH 5lcIBttcom^it^L^tii^So 

[Ifi^i^oMlB^^f^li. Hih®*fcl±li®7U— AOiH^-x— ' S»T?fcy, m 
[11*1121 ]HufB=i>7 i >^(i> RiilHti-x— *T?ifcy, HfifBteSI*. ibM^-x— $U= 

fcit*B*ra«i*%itLfc®3fiii«-cifey, fFiae^hjiji*. m®^— sicfcitsii 

[IS*iI22]buIB=i>t-^I*> W5*-r— i £T*fcy, flrlE&Sli* #^-r— 
#JSl5lcSEtt<D«?-3&^U*ttJ$li£o 

[Ii*il24]^m<h^^^v^;u-=]>^>^i^^Uifg^ii^3At;m : fit^La 



*u*«©a*a*i=***fc»#i^^^^ 
ai-^^ftatei-am^afruaaj^sio , +H 

y^ata******^ ^ 

L«*©a»&*i::i***i*»#*^^ 

Mma*L*«©a*&*i=«MF*fc^^ 
iz»*«a^L*«*m*«fc*©«t6fc*wa*-tt*fc«>«)^^-7A*iB 

»A^t?^*miBa3b^L««cc»i»«m€<ott«^M*»*fc^®«5^ . 
^ 3 >^>^o)rt§(Dd*)«jiBa^Lffi*a)aft^J=«*^»^*«i-*j-t 

«**«mt-«m*a*^Lttmtt«fcLT:a>ea-**««B*i±«fc^7P^7 
r&oW »a>r^f=«3e**tfcHrSa)tt«^*«**aj-r«fc«>a)«tti:. 

^aufclfcE 



[0002] » _ ' 

L ^ ^ <X» fil'f'1 3 ® Tb^ U ( d i gi t al watermarking) TV^I/f- ^'lbc?Tt7'=S¥± 

® Kill. np. ^mmo^^yiz^Lx, u^^yommm^mm^om 
mhm. mttmmommm* ^>^y<Dmm&n. *mmmz&wmmt 

[0003] cm^it frL<D^m ^jEmmoyfokz e M^sti^ m^frU£%i£> 

^IC^T. it A^U^ffi^^^L^yi&a^tL^yL^L^cfc5^t4M (robustness :P 
^>^>y£m^v*;MbL*:ii£l^>it^ 

[0004][StirMark]Ctlt><DD-A-D-^l*s [132<Z)(a)^f>(b)(D^blC7F 
^fi*JJt»:^^'>5^^— 5/3>LT?f««V:7h^x7£LTStirftfarkA<tt&*lW 

[0005][StirMarkMt4]Jll^i&^^fflM^ffi^* NL ^ 1 *^^ ,:: ^^^ 
^tt&HSjbM&'KefcSISy » JH«»fi!t»l*fc*y*#<*ftL<tLX©-e, StirMark 

[0006][$H^MM2]^M^M#^Jf2IS, 20|C^SlJ$tlSo ^bl*. 
[0007]CCT%^i|lcW^^li^mi^^d:lV^-^|ZcfcoTa^^»T* 

[0008]^iHcfi*J»l*s EH»±tt<D*$— ¥^»t?fey, 77^> 



[0009] 

(3-Gs :30-O 

[001 0]-^> »BrW«»l*. &:*a>*5lc2*7G©-«l£»felft*fc*. --"^ f 

iglA£S<BlH»n?fe*. 

[001 i] 

U'J Utx,y>J 

[OO12]fefc\034(Z)(a)|cS^*©P!TW^Lfe«^*U (b)l=**»© 

[ooi 3K**«fe»^©***n*** **w«»i=»-r*Biw«>*a^^* jsc® 

mTCD4O(D^jClC^Sl]$tL-S)(0iJ^.I*\ *itt<1 )Kutter Martin, "Towards Affin 
e Invariant Image Watermarking Schemes. "Watermarking Workshop. 1 
999 0 

(1 ) Template based watermarking (2)Invariant watermarking (3) Self-refe 
rence watermarking (4) Feature watermarking [Template watermarking] Jl 

h) £*Itf>5M:;S;££ r^>^U— "7— ^r>^ (template watermarkin 
g)jtP¥^(«*l*. *iK(2) Bender. W. . D. Gruhl. N. Morimoto and A. L 
u. "Techniques for data hiding. " IBM Systems Journal. 35 ; 3 &.4. 31 
3 — 336 1996 . (3)Fleet, David J. and DavidJ. Heeger. "Embedding 
Invisible Information in Color Images. " ICIP' 97. 532-535. 1997. , (4) 
Rhoads Geoffrey B. . "Steganography methods employingembedded ca 
libration data. " United State Patent. 5. 636. 292. 1997. „ (5)Pereira. 
Shelby and Thierry Pun. "FastRobust Template Matching for AffineResis 
tant Image Watermarking. " The Third Workshop on Information Hiding. 
207-218. 1999. ) o Z(D*l£\t.^7[s-HZ&%mM'£it*^'0'3n'^ 

[0014] [Invariant watormarklngl^Wtt**!^*^*^*^^^** 
Sb&tll5&&'<^' *)7>b"5*—*—-*—*^# (Invariant watermarking) it 
mS(WZ-l£* X$&(6)0 Ruanaidh. Joseph J. K. and Thierry Pun. "Rotati 
on, scale and transformation invariant digitalimage watermarking, " Proc 
eedings oflCIP' 97. 536-539, 1 997. „ (7) O Ruanaidh. Joseph J. K. 
and Thierry Pun. "Rotation, scale and transformation invariant spread s 



pectrum digital imagewatermarking, " Signal Processing, 66, 303 — 31 

7, 1998. ) 0 ^o^mt,-w^ / T-)^^mi[z.n^x(r>^^.T^ 

$hlt*&*&&Jftl::i**fE-ei*fcl x . 

[001 5] [Self— reference watermarking] E^iSA N L§ft£-T>:?U— r-£L"C*IJ 
fflf •5^'}i^ r -b^^ , ^7U>X- r t7^— $»— "7— 3f>£* (Self- reference waterm 
arking)j<hPf^(^lJ^.li\ 5:M(8)Kutter, M. , F. Jordan and F. Bossen. 
"Digital signatureof color images using amplitude modulation, " Proc. of 
SPIE storage andretrieval for image and video database, 3022 — 5, 518 
— 526. Feb. 1 997 ; Journal of Electronic Imaging. 7, 2, 326 — 332. 
April 1998. ) o CC0^^l*>®ft*IC#fiB^$^gLTs fcbfr 

Ji^H^it^^^LT. PCm^a^LfcTK^ SEl^v7h$-t±fc<iLfilc1g|SJlE] 
JH65^t?c:fX?*l|iEii#tL-CfiJffl-r^SC36<feS(0!lx.l#, X^(9)Kutter. M. 
"Watermarking resisting to translation, rotation, and scaling, " Proceedi 
ng of SPIE International Symposium on Voice, Video, and Data Commu 
nications, 1998. ) „ &tz, -\z)\s7>t)Z>Tls>* £— ^— *><flZt$l^T. 

tt-Wy«iyW1tlRlJ:©— " SCIS'99. 193-1981999. -fe;U:7>J 
[0016] 

[^BjA^^Lcfcat-r^^Mi^iJiB^LT^Tc^ic. tt*<Dm^a^u*. d- 

A-D-^&^StirMarkl£i£fc<h*|::ckoT2!frUf^ 

ajftttKHLT, U<o*n©#* 

[0017]*«^l*, ±IE*W ^#JtLT^^tLfc=oC7)T:\ StirMarkJ^ig^D-A-D 
[0018] 



B# Pel to flj Lf-# * <D #f 0^ 

^M&teg&tfTtutBFJT^cDte*!^^*^ 

[0021 ]»*L<I±. tfrIB8S:3£#KI** 1trSB3>-T>^lcfclt*ffilBSfaWfc*^* 

ig7bNLif#s^m«m^a^L^m^si^fci^r,tniBa>-T>^a>i*3^(D5*> 

lltFlBaA^Lllt*©aft^l=^**tfe»»l=*^^^vttP>x>^lcSftS**i/i: 

aic»j£^*a^Liftffl*ffi*^fe*<o^ia:^flii^fccit^»i:-r*o 
[oo23]£fr. *&w\z, ttWLtt£&7i>Z)\s-^>T>yfr*m^T^yi~mito& 
*nfca^Lifi«*»ai-r*«^aA^Lttai*ai=*5L^r,«riB=i>^>va)rte 
©3fcflriea**Ufitt<D«a&&*ictt*ftfc»^ 

[0026]MlB=i> J f>^l*^J^.I* , Htiii®*fcliffi)®7U— ACDS-^-r— $T*fey> C 



Stiefel-Whitney^.. Chern^ Pontryagin^£l^f;:^{£^(characteristic cl 
ass) ^t3M*(DEuleri!L Jtlfc (index) ^pflF#3& (signature) , $gZ>*^lCP"r^Ale 

[0028]fcfc\ Slillz^S**MI**^l^4*WtLT4,fifcStL. *&lcffi&*f6 

ezL-^iz^i^0^i^s^^^ii«^^T$i±^f-^^(fe'S)^i*=i>t o i--^^ 

[0029]*«IBT?I4, ^fttWf^^^oVf^^ Hifc-r- SOIcafrL- 

LN)t^^cfc9l=®*M^^M«o*^^'J^I*\a^UifS<i:LT^^<t#^(Dit 
^ 1 iil^(7)MT^ckLN)i:^^cJ:aiciii^^^lEL, H6BJ##2*<IBJ££*ifcft& 
[0030]^BJlCcJ:^li\ Utojatty^ta^LtMRlcW^t-^ttffi^ltiSlWto 

ffl^sti^asL^js-rsiELL^a^Liiiffi^^ctA^^o 

[0031 ]£f- 3>T->^a>t*^h5»J(D3E<bA^J^«j:*«fc^l-ii*B^M**S'rS 
[0032] 



[oo34]ni ic. ^wcDigaEcD^ffiic^sm^a^Lfflagstm^sA^Ltta 



>yi4, ism^*^®«^^^^^Lfc^ffiigSS3^^T3Siil-ri)o *(DB8L 

5folsf£3§3-m, 3>T^lC»LTStirMark**^D-A-D-ft*ftifOJBHfrW 

[oo38]*ntism®T?i*. PL^^-r^ai-, wa^Liasn i*. stirM 

ark&SW - A- D- MW* if A^ftTtiSfr Lffi$g(D ft§ *<«t • 
[00393**5, *SEJ6»»T?tt, *^a^Lta«I1 ICli^SUU-^^Vtf 

[0040]m : l 1 iS* N UI&=!£Ml l£, V^h^iTC^n^A)^^*/^^!?^ 
«^lctt % i-iflc*y^a;bNL^aS«2lc^*»ff^»Wfc*LM4?fc»* 



[0043]£T, *3£B£liigfrLffi$B£te*B^« (topological invariant) £L-C3> 
^>y|-ii&&t;(mi£^i^>^>yrt N ^ 

^II^^S^I*^B^^*^-^ l J^i-'C^^t 0 — ^F^a(homotopy invarinat) 

[OO45]fo£*^SaM£*B£f 3 0 l K topological space) T?ifc££l*, &CD30(D^#£ 

(2) TUCD^O^iig|i^l*^l*yU(D^*T*fc^)c J 

(3) TUC7)ffmcDUt(7)^(D^P*'&l*U(D^T*fe-S)o J 
U(7)7tl*F?g^ (open set)£P¥l£*U U£SJl(Dte*B (topology) tl^o 
[0046HftffiSIWXl=fcL^, X<D=&^xlC^LT. X(DStfM*£a>*^U(x)*<x© 
5fi#3feT?fc<&£ldu ^0>4OA<fifcSt"i"*ii^"T?ifc*o 

[0047] 
[&3] 

(1) r ueU(x)tt&ltf. xeu J 

(2) T U1, U26U(x)!S:&l<, UinU2EU(x) J 

(3) r ueU(x>. UC V<tC»li. VGU (x ) J 

(4) r UeU ( x )lC$StLT. r^TCOy e\N\Z#LX 

ueuty)' rorti;t - '5*-5<cweu ( x J 
[0048]U(x)lC«-r-&SP»^U$x(Di£fttL^-ia*BffiraX*S««fcU filUS 

^I^LT,a(Dfc^i£^U^^^IcS^<t,V3f(U)^Vt^C^U ; 5o 
[0049]¥^f^feffi^^XCD=&^-e^a^fc^<»:t. ttffi£lfflXT!5i«, 

W^t^BXtb^t^. Cl(D£5£¥#£l^ffi^fc(homeomorphism)H^.20 
(Ofafa&fflOffllzmft^&tfft&'t&^a. *ft£l*Kffl(homeomorphis)"T?fc 

(topological invariant) t.V¥\'£ft>'&o 



[0050]GfllZni|[O f 1]£n?»-*-.X. Y*tt«ffil«fcLT,ff.*f 1 *X-*Y(DiI«** 
fKT(DxeXlC-OLNtF(x, O) =f 0 (x) , F(x. V=1iix)&tfM3L'D^t&l^.f<>t% 

[0051] 
[»4] 
f 0 s * 1 

[OOSZl^fc.^^F^.foA^f^CDTt-^he-ilL^o _ 
[0053]7h=EKt°^^^fim0)2O(7)^tl^LT, Pli:fifc£l#-3*£* : EM=— *X 
»(homotopyinvarinat)<hlNao^he^^^P^li.X^f,Y-N(7)ilM¥#^ 
±<DPH£H&-<?fc<&« Ztll^^oTaSiLfc^aWSfO^htr— HChomotopy c 

'vCD^iftODTM&htf— S^ft^^Wtf— ^(homotopy set) £1^5. u_<D»b. 
Tf-N^ht 0 — m-Blt. X (X;Y)-C***l4. 

[005 4] X £>Y^ (7) :?{fef £Yfr t>Z^ <D ¥#g<£> ^f&g ■ f I CO I ^X „ f [g] = [g ■ f ] I - 
jjor^ht*— m^FH©¥«r: 7T (Y;Z) — 7T <X:Z)£5£»T?£*. *f=. 3fc<BBHS 

[0055] 
[»5] 

f = f ' ft 6 f • = f '*-e&-i>. 

[OO56]4&tB&M0>1 J&£^#>aj&(base point) £P?&. 

[oo57]i &n*5c£*(**«o *<d*s*£ a i n tt«ggiwxt*©atja * 1= 

**LT, Q (X. *)£l„ A^X^(D¥^<Dd*>> ai n A<*lc^*i*tfl)©lfe^^-r'S. 
7r n (X. *)*fcl* % 3fejSi<D^y*f=«k&^li^l=l±^l=s 7r n (X)<!:IH-ro 

[0058] 7T n (X, *)l£i¥£&U *£&J&W£* : EHf— S¥(homotopygroup)<»: 

14^1-5 o 

[0059]l£ 8 I (DttfryiC, n^5t^®i:^a)±(D1 ^iC^oTJKD^ht-?^^ 

m-?z>z.£*>&z>°Mz-^ xtfn#.7tmms"vtbz>m'&. n^^^-mtLx. 

K (s n ) =oo#j&y:£-3„ zcr% ooiitep^uKDMEll^a-r^-r^o 

[0060]2O(D^g^X. X' 0)IW(^*f :X-»X' , g:X' -»X*<#«EU g-fi:f-g^ 

-etl-^^'H^^-ftl-^l ^^t*, X s X' tt^ht 0 — Pii(homotopy equival 

ent)-e£>&£t^:b*V&o s . 

[0061 i&is^raxic&aatfttteu Th^Ehtr— pafls*tst*BffiWicRij:MA<>*itT 

-I>£c?\ ZCDS^/t^^htf— M'F ^Khomotopy type invariant) tl^Oo Jt^ERf— 

[ooezimi^rBlxiz^LT.x^bY-N^/h^Ehe-S^ii^l-t 0 — I^Ftltfe 



£ 0 ftlc, f^X^bX^(7)^{ttffcot. tl^^^tl^^he^^-efc^)^. -e*U::«J: 

*>) i «t©ia«tts H*a>*^i=*o-c«ififc**i*ttffiffliwx^&fefflniia)»»fiiiii 

bY^<D?«tai5:t4. ^(D^fc^fca^H^-IR^I*, T^Ehtf-S 7r 2 (Y)£ 

[0071 ]H«Hc»-r*«W^W**l*, tttB^x^tetB^x' i:?t¥tt'fe_ 
Zt&ttti&o Sbd, X' *2^7tJ*®i:Pl*l-C-&i)<D-C% iHWWttfcl** 2*7c 
5^®^b2^7c5$®^<D^t < i:%^^<i:A^-C#'?)o 

[oo72][iSSi^W«]*^0^^^^^^^*^ , *^^^^^ <ol?& ' 5)< ' 



* fta^TV^ (08*1*. HH*^-*) J&^a.&ft* (Xt-^S2) o =1 

^fsi i ) o =]>^>y (mt£s M*^— *)U:»L-C*<DrtS<«*.l** 3>t>^A< 

So7^B4i=,fiffi^*«fflt^fc«^a^Lato32k*i=feN+*toa¥i«©-« 
e _^ ) ^^^tl^(^^s21)„*fc^*.a«)^t?^^aA^L1t$RA^^b*t, 

^^=)>^>^(^J^.I**> K@i#7 ; -^)A^^b^(^^S22)o=J>7->^^ 

7U-A)I=#««(W^S23). *««(«*tf, 
|-»L«©^»*i#-3*5l=(«^a^Lttlii3S**^«»H«^-*»<0a 

^wM-Bfex-^^^u-Aaja^cosmfie) ©M^tT? (*t-^s24) „ a^ut 
H%mm^m<D-m*tto afrL««£*tt«»*=^> , y 

^SiJ-T^)(XtF-^S32)o *fS«(^^.tf . 7U-A)lC»LT*0)rtS(iW^Ji. & 
33) 

[OO79]^I^(0iJ^I*\^U-A)#l^l+^^^^M^b«*iEUN<!:}t^$tL 

^^^S^{I^*^(^^S34) 0 lt^tLfc®*(7DT^a(^J^I*\* : Eht 

-S)*a*^Lffi«itLTm*«(X-r^S35) 0 *fcl*,I+jf^fc**a)T^ 



[0081 ] (ffH £>*ff J&W£"f > f&1 (D^^iJI^LNTlftBJ-r^o 

[0082]Ib1 (Dflf J&W*. StSl^^T-^^TC^^ori^^hlf— Sa^^tBL, 

[0083]*3IJi£^fl|(0«iS#BS©-'(MI*s **lfll~l*. ©2, H3i:PI«T?ife*. 
[0084][H6IC, ^Hiife^S^m^it^Lii^^ScD^MJ^^To 
[OO85]06lC^*l-6J:5l=, *H»^COm^ilA^Ul^SI*. Tt^Ehtf-a 
I+3HSB1 1 *=Ehe-SSE5ESIii 2£> a*NLffi«^*^ Rf-a&fctti 3^1^. 

[ooselit^UttS-Tt-^he-^^gPi 31*. ato&ir^^Uf SR£A2jU 

mi*'. is^usfg<»:LT=Jt o -(7) ws£^$wtt#K£a#)&fci§'&K> ffitf>& 

rat?— *jt*<»3E*4ifc3a:&tf . J^hfc? — m= - 1 $tH *j-T3o 0«;LI*\ a** 

Lxmm^ntfmfeZfttztt&s **b\d-m=n x ci +C2£tti*j-r£(ci . c 

^LT=lt 0 -Wfc<fcU*»i#^nA^m^$H/-^^l*\^Kt 0 -^=(nXC3 + C4) 
(nXC3 + C4) x (-1)^til±|-r^(C3. C4li^46^46b^fciEa)^l&(^lft) ) . 

z.*ih>i*-fflx*&v.m*tt&tf&z>o 

[0087]ftife\ Th^EKtf-ac&fitl*. lECDggit. 0, £fcl*J|CDgi&-efc&tf. 
1f|R|CfflL^^^ht 0 -^<D^Lrs^^t<D|^±^-SM(mi*2)JU± 

[0088]**:. »ttTf^S.&*lfca^Lfll«*, ^Ke-fttLTffltx**^!^*, 
igfrUf IR-Tt^Ehtr— fS£JftSM 31*. ^^fe^)o _ 
C0089]7t-^ht°-^I+mSIJl 1 1*. PlXli&Sr^J^K. A^tl*:^®^** 
L/C. *=EHf-a£tUrLTtti*«. l*aj£ft*:*^he--a<0tt*<. H3& 
T?fcl\i§£|::l;fc,ffi£<D*4Mc«fcoTtt»*aK^ 

£a«-*"*u*£^)o 

[oo9o]7t-^ht°-^M^i 2i*. pL<i*^ai-r^ j^k. mfrumtLxmfo 
A2i£*u it7^)^L'^fg<^:Lril46iAC;'<^7^^^Kt o -^$^#OcJ:al^s asufcicarr 
[0091 ]®7i=, TtK^Ehe— ^i+jfsui 1 ©^fifcm*^. 



i+gSfll 1 2. fS^Sn 1 3£lI;LTL^o 

[0094]fcfc\ ^fiJ^H!iCD^aM^Mli> o©iii^bWi^i:ii> 

[0095]fcfc\ HI^I^^Lffi $B<7)iIto;X<frlCfflU£(E>l*. @^fil<D3:lf ^Kettfc 
[0097]i:?n^£mJ&«S&*ii^®ift^ 

pI^fc'i)LM*0^<O^(D5*.^b)S^■5IHg<i:U•Ctc^:l^o ^h.b£i^-0<D;£ 
[0098]HI8(D(a)l*. M^^^flJLfc^^^L-Cfcy , (b) li^ v SlJ$^fl^ 

[oo99]>pr^itp:si5i 121*, ^p^^)<Dfta®^fi^, 

[oi oo]£-r\ ^a®^iilA^^-r^^^^±l^S-r^^i^oiNrm0^L, 
[01 01 ]#i]?tli\ iS^Lffl $Siiib^^^®^l*> 2#5t£r^<D*PM11^T'fo>i> 

t>< s m&ommu^ ^t^-r^tx\ mmt2#.7ti$ms 2 tm-mx-z&^T. 

[0102]-^ 0iJ*.l£. RGB(03O<Dffiai-C?aEjK**t*3^7i:SIBIfl)W 

fe^rffll*. 3^^--7U^K^^(R 3 )*(D^Pimi|lcT?fe^oC(Dfe^R 3 (D 
cb|c2^7c5$®S 2 (El8(b)#Bl)$<i:'5o UiT, CKDffllWSatfcffiMW^CfclC-r 



1 



[0105]C(D*9l=LT.---3a)®^l*.S 2 3bNt>S 2 ^<D^ifei:L-CS***l*oC:a) 

l4Hlft©«'Cifcy» yl4®^©M^-efey. nli*^ Mf— PtDjc^a^SSrefc*,, 

[0108] 

[»6] 

;C,(0,?O = eos 0 cos (o, 
X,(^9) = «s 0 sin <z>, 
X,(0,$?) = sln 5, 
<9 = 2*x/H, 
= 2 /my / W 

[01 09]^«X.I*\ 08 (a) (DBte<D£±£J! J&Kfc&fc, H^hf— Hn = 1 CDii^lC 
l*,|^®^(DnJil(^)A^lil8(b)(D2^7t;^®<7)(0, 0. 1)-r<t*>**«I=fcfc* 
^^ic^J^L^I^iij^^'^^IllSCWcDZ^Tc^S^CO, 0, -l)-*-fc:b*>BMEl:: 

totzz&Mzttfcu -ta>rai*s atttwi=*tj£«cfci=«.-r<i:^%, 
^©^sywijaA^^sraw^ffly^iffli^jt^-^Ht'-a 

[01 10]t*>*>A^ ±lS(Z>l§l»l*-HH"efcy. ^(Dlfclctifll^ft******. 



[01 1 3]^CT\ **JWftf|-*tt1 1 2(4. ^aH^iiH^LT, 

[oi 1 4]ffi#eui 1 3i*. jfrftbtitztt&mzttLxx.nmft&tm-f&o cc-c, f 

[0115] 
[&7] 

- H H 

I(£) = — fdx f dyf • a x £ x d y t 
4n 0 0 

[01 1 6]HI^[CI*> *NMtl4, aHftWft2*5c*Bi±"CI**<. Atf. 

[0117] 
[&8] 

Id(f ) = — L «i, j) • + 1, j> - f <i/ j) ) x <«i' 3 + 1) - C<i/ 3> ) 

[01 1 8]fcfc\ W»«*l*. »*fctt*Ci:jb<J(ll1#**i**<, R*A<A*«H*<a^ 
[01 1 9]gH 1 rt^ht:'— 2(D$J5£#'J£^-f „ 

[oi 2oiiai i ic***t**5i=, 7h^he-«*E»i 2(4, ^j&nttJtsui 21 , a 
[oi 21 i^Bfcuturspi 21 1*. j^M^-rt'ic^oT^^^Ke-^cD^oiii:, 

[O122]ii^^^^^^^122l4,^^^fdil(^^iil)* N b.^0cfcd^ii^ 



[01 23]HHt^HSfl1 231*. JIIHtlZftLT. ii#)&<^iIH££Sl:-f £C£T% 

Ztzlh, -r><nmmt&rf5-?LZ>fttzm'&. -l&lc.l(f+g)*l(f)+l(g)T*&3frb 

MtLX, 'M£?tz. ) ®M\H'mtf&Z>o Hi 2(a)lcfcl,vt, HDi&fli, JlilHtUTM-taill 
mil^S-TKiBtt-r^o c#lifji&£iIH£(7)#^Mmi*\ &¥rt&tz\tt¥_ 

^com^L-t^m^t^m-r^ ctii*. ®{t$o^x^i. o^y^i £i\?2&7L 

(D&MT-miM-t&ijO £-?%£. f(x. y)##*.b*L*:i:g\f(2x. y)|Z«fcoT N 0^x 
^1/2 > 0^y^1<D±CDM^i:-r^#'Cfc^o 

[oi 25];^ic % »ya>¥#(0!*.tf, £¥#*fci*£¥#)(Dfl«i=**L-Cs 

^.|il»±mSP122A^fiJtLfclB» T b . a (x. y)frb. v K b . 0 (2x-1. y)|Z«ko-C, 1/ 

2^x^1 % 0^y^-l(0±(Dmm.^^.tkLtzt(0^t^-r^o 

[01 261^-LT. *^4x, ^0)$HJ*-CS***tfcH**— 3©H*fc*«:Lr, 

±^mx-mm£fotzmw&t:i$.-tho ^(n^zL.x^tf&fttzmwte. f * g^sisi 

«&bl*\ Kf * g) =Kf) +I(g)^«C<5<7>-C% I(f * =Kf) +I(H' b _) =a + (b- 
a) =b<hJtC^o 

[oi 27]^cfc\ ±iB(o»^i=fct^-c, ^ommommzit, n*(D/<'jx-*> a 

£f-> ±tE<D<fc5l::2aS®fg«(DE»Jfc£lM4?P^»£l : 1 W 3 
[01 28]|H1 3|C. 23<D#MJ^*-To 

[01 29][H1 3l=3F£j|v5«fc5l=* M^MSBI 231*. $U*#*ISJ1 231 , iHSifii^ 

nail 232*«tlti^. fefc, i ^(om^m^^^-mtmm i 

mmztix^&o fua^wspi 231 1*. -s, yu 
sijUJac&reaHiifftifi^tf)*. -ti/c, iiaMissHSiii 232i*. -%<on*®*fli* 

[01 31 ftmmt&cottmmmm*. mz.it. ^tm^Ko^mmmmz^x 
[01 32]ttfc, ^p^)i-**LTife*a«>at?«<#ftaM* 

[0133]**:, fcS^P^I=*rL-CfcSftaiI3ft<iA<ffiS**Lfct#fw, 1^P^ 



nam** mm^tzRmmmm\^^^> mz&KZfro* i o<d^p^ 
[01 34]mi 4ic ^^jfejf^cDm^jt^L^ttj^s^^^ij^Tjs-ro 

[01 36]*=EH=-mi+3f SG21 I*. «*3lfrL«££iE<D**Mf-&it*SPl 1 <!: 
[01 37]ZCD^tiia)li-&lCtet^r*. Tt^Mf— 8SS+JfS&21 <Df®##$ISli(ia7# 
i&U W#»(IS7#RB)*<*^M^HB£J*m«- 

[01 38M2fcLfc<i:3l::* ji&&^Efe<DMtel=fc^TttM*te*<ftfcSM±l= 

V^lcJl^^^+LTi^^iilcO^^h^UVOj!)^ 3£il*§E§1:V1 ttH-oX^ *t^fitf+g 
^^CtL^^^^±0'<^h;l/V2lC^iELT<^ (VOfrbVI ^(D^I*^<T 

[01 39]7}-v=Eht 0 -m-Jt^L^#S^ai22li, «^3lfrLffl&S*a>2I^L»*- 

= (m _ C2 )/ci^ai^^o*7r^'J^I*\^tffl$R«bLT=it 0 -CDpI : §^-r 

-C2)/Cl£tB*)U* : EK:-^=- I m | tmiiitE*ltztiit>l£.mfrUmtL 
^W£*-^ffi*Rte«fcim»J#-§-n=< I m | -C2)/Cl£ffi7J-r£o : k*>3 



^Cft&tt-fl-Cfcy. ********** -N.«*R91I-J:IJ 

[oi 40]<tfc\ *^e-a-a*u«***»22i*, u-*y 
£1 *4£hk ™S*Kfc** **«aM,tt***«>** 

foi''46]»±«WL-c*fc«i=, ******* 

[oi si ]bi 6i=**M«i=, ***»aa>«*a»Laa*ai*. 



rBtt^t'i^t«»i 23,*. HMMNm 

«l=««LfcH***oT«*a»B» ****** 
H*<n*#««*C«a.l*. ?P»9)OftW*>*- iftiftHRWW*. ^ 

lS?***tS5S5S»5*^, m*k»i 231*. ■■««■*«*« 

[01 64]4fc, 231*. fc«««**l=»LTfc4«a*t?-*ftM 



[0165]fcfc\ ZO&tt'*)^— va>l±, 16 1 <D#J*WlctjfifflRl^fc*o 

fo°167](m3CD«J*«l)^l=.ie3G)«^lCOtN-t:BiM-rS. 

[01 69]cne>SKl ©«Jifc«!ltm2fl3«fiJt^*tfl^^-i±. *1 ©a^Lffi« 
<hLT^2(D^^'J-ef^tl^^^. *l=JB20a^L**i:L-ClRl <0«^«-Cb* 
Stf>3*t?£* ik&&mtL.XMtb&&z.kifiV , i*&o z\<n^. #j;LI*\ 131 2|z^ 

-r^aic &*ft\zfmm&&ti. *s*nizetfMto&**>s ±i*kLxi+gtmth 

[oi 7omTx\*. mi , mzomtfLmkttmfr&fc&ipfoiz&M-t&o 

[01 7 1 ]H2oi^ ^m^m(Dm=Fm^m^m.(Dmf&m^7fiir 0 mzoiz^zti 

S^Ua^StS*^l^l4P^^^^^^20)m : j 1 il^LtlMl-2^<i^T 

[01 72]H2i ic s ^f&mom^^L^iiimm.comf&m^-ro mzi izwzti 

^aSU2-2*flt^.Tt^o 

[01 73]coii-&> mi ©t^LMi-n- »*=i>T-^t, mi 
©a^ut mitth^-mnzMfoirZiStCDk-r&kZAJi-r&k. «*i*hi 21c 

[01 743*1=, m2(om : f : a*NLffl^$iJi -21c cco^he-mf^ii^^ttfc 

n^^ihs m2(Da* N L1t ftK^htf— ^glz^JS-rStO^-i)) ££A7J-f 
^J^I^Siaic^l-^dl^^^^ftbHfcF^^CD-ai^lsiTt-x^ht 0 — 3£f*<3#>&* 



[01 763*1=, *2<D«*afrUAtt»2-1 1=, 3>x^(±ia<D3^>2/W 

[oi77iftfe\*ia)«M^L«aj»2-i^»2©m ; Fa^L*m»2-ifci*, 

[01 78]*f=, *2©«^a^L«aj»2-ZC*. a>T>^©^i*l=ffl*^*lfc 

[oi 8oi«s.tf . *i\ »KDtWLia»i - 1 *12 

[01 81 *2(D«^a^Laa&»1 - 21=, Z.<D**bt-*a1fim*>^ML 

i-ii,7h*n;-aa+(b-a)=b4<a«>a**i.fc-w=«- /L __ 

[oi 82]^ffiB#ici*. *i a>a*a*u*w»2-i i=, ^^ >xyi± f£?lZ^ 

Kt°— ^a^^tU^-So ^ lllL j. 

[01 833*1=. *2©a*a*U*tt»2- 1 1=, =i^>^(± B H©J3>^Vt1- 

[oi 84iftfc\ *i ©a^ a^Lttta»2- 1 ^ as 2© a* a*u*m»2-i ti*. 
[oi 85]*fc. »2©a^a^Lttm»2-2i*, a:/^:/y©*»s»bftfctfS 

[oi B63*#rt«i=fe^-c*, mi ©a*a*ui&a; 

LT*^u*i©a*aM^m»2-ifc*im^ 

oivc*,R*-cfc*. *fc, a^afruaaai - i . i -2*5*1^* a^uama 



2-1, z-2*+*xm*h*GI^*frteW z ^ x * m *+* m &*toi6 

[0189](^4(Dm^J)^l->^4(DtI^JlCOONTlftB^-r*o 

[oi 90]*#rt«-CI*, ^i^S^jlcfclN-C. Jttavf^^tl^ 

[01 91 ]^HJfeBS<D^a¥IH<D-^JI*^ EH, |S5fcR*refc*>. 

[01 9211U22IC. ^ili^I^ii^ll^t^^^^^^' 
[01 933H22l=iS**l*J:5l^ *#J*«fl>m«I^U13MWl*. 

an on , ffrjtH^am^&frLS&SIJi 01 2, 7b-AS^J«Sfi oi 3, 2frUn 
iB-7h=Ehtf— ^^^Sil 01 4^fifflX.TL^-i)o 

[01 94]ig^Ut#S-^ht°-m^SRl 01 414, SB 1 ©#Bfc«fl)aA^L« *•* 
^Eht°— P^}^Sli13i:P]^fe'So 

[01 95]7U-A^«IJS»1 01 1 1*. »®«$«»<D7U-AlC»SIL-C, 5Sfccr*fi* 

IS **jtii^©**jgfrui&siM oi 214,^1 (Dmf&mom^mt^m^m 
[01 97]f-f=u *o>m~* ^mmm^xi^&s=thti-m^isb^t^ mm®. 

OU-C(D^> «aM*fll<Oa»^*ft^- «*I4\ H11 2l=*5lvC, 

[01 galeae*. si z©(b)©**. a*»i=i***he-«B*«a»a 

[01 99]C<D**. »fc;K*M*©*=Ehtf-*+©5ctt, 

r=1-C**ttf, -^CD^U-AlZli, g+1 tfw^***** 

yi::S)iStfi£L"C?S8lJ**'£. 

[0201 ]H23|C % ^^^iJCDm^^Litm^ScD^^'J^TFTo 



ssi 021 , »±H*N&©« ; f2A^Lttajai 022, m^mtmm 023, 7t-^tf- 

[0203]7U-A#«Sli1 021 1*. »®«l$«»a)7U-AI^SIL-C. 
[0204]Stlt®frb<Bm^&* x U*ffiSlJ'1 0221*. mi (Dmj&wm^it^&ta 

sic^^t-^KDii^b. atfit^bL^m^^it s-ra. mi*\ te^Bftft 
[0206]^he-m-^us$g^sfsi024i*.mi^^ | Jom : ?^L^tti 

012T?^7U— AI=»LT»2<D*^«i:R»l=L'Ca*^1«**a4ft^«>«J:t x - 
«*3SH-»SS1 023I*. 3F5ll=fty > ttiLSfrbOfc^SSfrUamSIJl 022 

[0209m^mmm^t, mi > *2*fci**3©«jjMHc=33ivc, ^u-aiz 
lvc s7U _Asicm^^^he-m^a^t?(i^c:^ i EHt o -^i#o2i2i±(Z) 

[021 o]m24{c, ^i^ij^m^it^Lti^Mro^^'J^^o 

[021 1 m24i~*ZM±?i^ ttmmom+mfr^m&mmts 7u-a#« 

$1201 1 , IflLM^CDm^itfrUI&Si^OI 2, 7U-A?i£fiJcS|5201 3, 7>^A 
<fb£iJ201 4. aA^Lflltt-^Hf — ffl**»201 5£#*.W£o 
[021 2]7U-A#fl]$|S201 1 , H itHi-CD®^SA^LSM201 2/SI^Ut 
$R-7t-v=Eht°-^^201 5, ^U-AH^^gU201 31*. **t**U H22(S54<D 

(D^u-A^iijsui on. n^s^oa^a^Laasui 01 2, 

£j&S|n013<!:p]*$<DfgJ&'^fc'5>o 

[021 3]7>#A-fb£fl201 41*. JItf>££;h5&££T<0:7U— AlC^—-eiifc<-7 

>^Ai^fess*s^**3i^*fcfts^^oaffiffl*fflt^-cai&*^fi£L 



Sal 



C021 5]H25ic, *#rt«fl>m^a^i^Hi w<o**«*^-. 

S&2021 . »jhM^&©mM^L«Wl»Z022, itt*«»2023. **ht-«- 
aj^Ltfi$R£&S&2024£ffia."Cl>&o 

1 021 , MkjhH^feoom^a^Ltttttti 022. *qEht-«-«^U««X»W1 o 
[0219]5«^ 

^20231*. «*i***mmm»i ozstmmK^J^^^mf^^ 

!o2203a»TH24, B25<D«T?I*, 2MMB*JBl**©fcUh*«, *«**ffll* 

[02231*1=, *5©«fi!t«a) ! t.a--3©/<'Jx-va>l :: o^TrtflB-r*. 
[0224JB3BIZ, *«««(D«^a^LaM11©**«^-. y 
0225 BSSI^**^^^ 
S&241 1 »±H^©««l^Uia»241 2, ?U-A?M=ri*$iS241 3, aft£ 
EfeSB241 4. a^L««-aa*>-K*»»241 5*«*Tl**. 
[022617U-A5MBM41 1 , »il^2WWJajM1 Z ^T^ * . 
« A«9241 31*. H24(D7U-A»«»201 1 . 2±2^1WL 

is;x*ii20i2 AH^fi£S»20i3tP^<o#fiRT?fc*o 

" 227]a*Lfltt2-SL2B/--K«ift«241 51*. «4(Da^L* JJ- 

*-rs©T?i*ft<, a^Lt*«i=»i6Lra»*rt»24i 4i=A*«a»s/-H 



5axLW»*»»2424, a»*J*»2434, a**-K*l*»2436*«*W*. 
*tfB25<D7U-A»«»2021 , »±H*b©«*a*L*ffi»2022i:RI»© 
?M32ia*±*»2434l*, H35©a»4rt»241 4fcW»<D#J*-C**. 

[0234]aSr>-K-a*U1ltt*i»^^ 

ffi.a^U«^^2024^1^^fc^A^^ht-^(C^Jt^^UR$S^ 

[0235]^-C. El25CD«li. «*«2023ICj:y. 7U-Aftl=**fc«fl)« 

[O236]C©0ljT?IS> 5fel=a*W«3eU ^^^^^1^?^,^. 
ML** (**»*HW>*D*> * »lP^6««^?M«j* 

^Ucai&i>-Ki-^^^^^u«^^a*^*^ TlNfctroM ^ § ^ L ^ 
ro237i*V asfc*>— K±fifceu2435*^fc*a»*>— K*di*-r*. 

[0238ia*kj*»241 41*. a*5/-K^fiK»2435^&^***lfca*5/-l i t 

*w=.»«a»w<*7i'-*fc**«^ 

[0239]ttM«Jfe»2423l*,a«!Al*»2434*&<D*7^ 

a*i/-K*fi!t»2435l=#«. «,^-^ioi ± a 
[02403a**-K£J*»2435l*,«M*S»2423*b^^^ 

H*wy > H^o^t^ww^tifc^btf. a* 

. > _^^g|52435lC^-X-So tA . . ^ . 

tf-Biowfc «^a36xLamai24223bNba)* i Ehe-«©wfcfl)«H*»y.R 



[0242]a3»^-K^J*S»2435tt,*ig|*IJ3£SP2423^P)-a*7p-r*IJ^** < 
[02431SLI&V— K4fifc«2435A^fa.tt*>— K*#iLfe+lfca«[^— K-SA^Uh 

[0244]^^. mmfoi~ttMm&<DmmtLx-m*mbfttefr^tzm£:\~iz. * 

[0245]ffiH*>JSSP2423l = fc|-J-**ili<D«-3ftt.'W^I*, 20©»5«lCj3t^T. * 
Sfc-T45l*I^L-CI*l , -ifeLfcl^3fei::»LTI*0<0te£&H^*1"& 

[0246]^wici±. mi**, ^>^y\zit. mfrUnnti,T^id-*i&tziztt 

I* 3r3ef-yK02at»x-efcy, ntf— ^RTI=»J6t"*a**>— Kl*, PfT5£t:yH7)2 

^^ycfl^U— AO, 1 , 2, 3-IZl*, ^Ht'tl. PiiSt'^K7)2ll!xJSliv- 
KtLT*^$*Lfc^Hf— 0,1,0,0JJ,0J,0,1JJ,0, -, ^iS 

[0247]^Ltff««iai«rlctt, a»S'-K±fiMS2435*<, #'J*-I*\ =fc- 

^oii^j^-r^aisv-Ky^ai^-r'&o 

[0248]a!$£J&$fl241 41*, a»*>— K±fifcSR2435A^ A***t7ia»*>-Hy 
£=fe,<hl^ #^U— AlC^J^-T^Ttx^Kt 0 — ^KD^^-f $o #]x.l*\ 1 , 1 , O, 1 , 

0, u!i,o,oj,i,o,-, rftk&Ztittot-t&o 

[0249]-^, ffi^itfrU£tiSSIS2422frbl*, &:7L>— AlCJtlt-rft^htf — ^ 
<&$l]i:LT, 0,1,0,0,1,1,0,1,0,1,1,1^0, -, A<m***L*CfcfZ« 0 
[0250]*l^flJS^2423l*,aift^^2434^P > CD^U— AI^J^-r^Ttx^ 

ht°— ^(D5»Ji:, m^5S7!) N L^ffieP2422^bO^U— Aic^-r^^ht 0 — ^ 

i*, pc*©*fci^jwi**u *-&&*-rnmmmi)<> a»*>-K±j«»2435 
[0251 i&ic, a»*>— K±fi£^2435i*, ne--5iic^c&-r^a^>-Hx^ai73 

[0252]a»±fi£fiB241 41*, a»*>-K^fifcSU2435^e>A**Jlxfca3a*>-hx 
&?U-AlC^Jt^&*^ht°— flCD^LT, 0, 1 , 0, 0, 1 , 1 , 0, 1 , 0, 

1 , 1 , 1 , 0, •••££j£"3"&o o 
[0253]-;*, m^^L^mSR2422*Nbl*, ^U-AlC^^-T^^=Eht-^ 
(D^LT, 0, 1 , 0, 0, 1 , 1 , 0, 1 , 0, 1 , 1 , 1 , 0, — , 7^aj;fr£*i£^<i:l::fc£o 
[0254]*@IM££(J2423l*, ai&^fi£Sl524347!)NbCD : &7b— AlC^Pg-T-S^ 
Kt°— E^^* N l- ; ^til^2422A^b<D ! &7'^— AlC^OT'&^ht 0 — ^1 

5«i*, m*><ovib*tmm*ti* att->-K±rt»2435 



[0255]a»^-K4j«SIJ2435l±,ffil3*IJSS»2423^b-i5l*5?-r*IJS«SaA x 

[0256]aav-K±^sP2435^baiav'— Kx*^^b*if=ai»*>— K-a*^Lif 
ffi^aj2424i4,^^bHfca»^-Kxic^js^*^LiSffl-rft*3^3e-pr 

[0257]fcfc\ a»i/-K±Bfe«B2435A^rt-r*a»5"JI*, !&"f L*k «**<0 

[0258]3fefc\ aa*>-KifiRfiP2435A<aai/-K*^fiJt"r^^ici*, m*<z>A 

[0259]td^)T% ±IE-CI±, aa*>— K^Btfi|J2435l=«fcyaa5/— K*fi36LffiBB 
C^oT^O)IS ff«K*ff5 C Pit feT'fe * o 

[0260]ca>»^i=i*.aa5/-K±flt»*5*t;aa*>-K-a^Liti«Jtift»fl)«: 

[0262]aA^LW«-aa^--K<6iji»i4*a3^Lifi«±flfcfi»ib^b#s.b*ifca^L 
««rz»jc-r*aa*>— k*w*«. 

[0263]aa±j«8P2434i*,a^LW«-aa*>-K^sisii^bA***Lfcaa*> 
— K^ti-. swwaajii (^u— Aic^fs-r^TtN^ht 0 — ^(7)?u)^ ^fife-r^o 

[0264]1 : eS5*IJ^SP2423li > aa±i?)tSP2434^f J (D*&7U— Aiz^j^-r^^ 
htf— 3g<05»J£* m : f)tA^L^ai$B2422^b(D : g-^U— Alc^f&^^ht°— S 

[0265]S^UffB^^I*.tSH¥lJ^SP2423^t>^-Sft^-rflJ^^A^^ 

bHfc^bi*\ flb(oa^Lffi«i*a3*i«. -?-lt, ±ummz. aa±j*su243 
-ztei^tmmistitzttiis mm. *-a£*-r ¥usi£S£. a^Lffl«*fefi£»ic# 

[02663JSA±$»y>SLtTtV ffiH ! l s «JSfiR2423l4. aa£l&Sfl2434frbCD* ; Eh 

C0267]aA^Lis«i±fifcsui4. : taB3*«j^sP2423^b-a*5F-r*iJ3e^»* < ^b 

tifcfcbi*, -t<Dtta>a3&^Lift«*ffi*-r*o 

co268]^fc\ aA^Lift«^fifcsu*<a3b^L««*^fifc-r^^i-i*. n^co/tyx 

[0269]lUT^M*,*llj^^^CD^b^^/Nyx-v3^ICOtNTpL<ljiBJ-r^ 0 



[0271 mmo±timtT^t^m-mL. ^tmt^t^m-mt^tx. 

[0272]^l=,a«)^lifife*a-rKI»<7)^'JX-i/3>|ZOLNTSiW«. 
[0273]ffiA^®«*ai"S»l=fct x T,li«lS3flifift-C<0H»©3E<b*a^ 
jbM-L jgjaicjfi^<l=-3*b-£0)fiS^«iifiWlcifi^<J:aic»l*ili. Mfc© WflSt 

3*3£3»HfcL, *t*ffiMI*2*5c3#iEfcU tt 3 (S 2 ) -Zfc^WEUf-WtWSL 

[0276]^^,»ili^I^L^T,^^^7U-A^^-;Uh(lil26(a)CD^) 
l± ^jLM(Dli^t^lC.2^7ci*®S 2 tP-^r^ofe^^fl*)^K^+lC 

26 (b) . C*l&(D*»<D23fc5ci»B5*B*WJ«l=Uf=A<oTa*-«feT^< 

[0277]CCT% Jfe^^^^<D2^5t5*®l*^^1 jj!ll=*A/-CfLN*fc^ftf (02 

[0278]C<D«fcai=«^JKfc3^7c^iB$&lS2gffli:-r*c:i:-tf, Jt^Rf— W tt 3 

he-»fl)5Ei:4**5l=*JI*«"r^**"C**H27(b).ca>»*,»itWi:n» 
5fetta*ltL,»y(©¥»^7U-A±^S»*nfca«)^H*i:^Bt«^fc 

[0280]t*>;5A,. »Jh»<D»^i:FI»l=(*2a)«l*«), iSH*©«att*Bra 

[0281 ^7?— ^|Z^-r*toSO/<'JX— t/3>l-OL>TKWT*o 

[0282]Z*LiT?li,»*a>^> % VtUr»JhH^»W*^f^TKWLTtfc 

[0283]®28lC*-r = , W^X— *l*. 



(H29(a))„ dtlbeVh^iiE^W^I*. mitCD^CD'fe^lCftJ&LTU'g) 
(El29(b), (c))„CtLb(DMlHcl*.<I^»^^'C^> A^CD^IClilS^^CD 

[0286]*^. ■ttWLg.m<D%\<DM$U5&<DmtLX\Z , tt&'g.ffltLX, 3^<DJH;& 
Kft^^S^L. ^^(^^(DLSB^S^L. ^- CD ^ l-2^7i: h— -7XT 2 £±:& 
((lU30(a). (b). (c)))oC0l^,7h : Eht- 7T 2 (T 2 ) =Z x ZOCns^frUtfifK 

[0287]$^iz > ^m^cosijcDiS^^jitL-ci*. ^^7-*— ^coii^icii. 

[O288]d^bC7D0iJ^li, lii^<Dli^cDM^W^^I^J^-r^^<5:L-C, H31 

[0289]^(C % te^B^^MCD/ <'JX— >a>I^LNrliiB^t''5o 
[0290]*l|]!iS^STM*.mB^^a«bLT7t-x ; Eht o — ^fflLNTljfcB^LT^A^ 

[0291 l^ht"— |$((D7c)JUnC0^F^a:(invariant)<>:L'CI*.'(flJ^.I*\ Tf^EPi/— 
U/f^EPv— fc&lMS. ^h;U^ICfclf>SStiefel-Whitney^, Chern^, 
Pontryagin^iill^fc^ti^ (characteristic class). ^*$ft(DEuler$U J|ffc(in 
dex) •^^•^•^ (signature) N ^t>*^IC^-r^Alexander^F^m> 
|CB|«Milnor3F&Sfcfc\ ^gfcCD^CDjb^DbftTfcy (mi£\ £;j£i$^*m&3 

[0292]&fc\ /t-^ht"— ^Trli, Gauss-BonnetCD^JIlCcfcoT-^b 
tL^W^ v ^fflLNfr^> Chern^ifCD^ti^CDii^lCli, 0IJ*JS\ Atiyah- Singer 

[0293]JilT-ei*. *llj!»fgc7)/\-K^xT$$tJi!c, V^h^xT^lZOlNTlftBJ 
[0294]*HJ5fe^c7)m^A^Lil^SI*. / \-K^xT <hLT^ V^hOxT 



-5 (tel^ET* - ) ^tt. RTtfetf fe-So 



t-i)i-&ztte£iz&^xm%fr%%\(»ffii£^&'ztoz>° m*i,tzffif$.£tm 
— %,L<ttJs<tt©BW*a^*sii(D#rt,««bfc«^ra--tL<i*»ifti©a* 

ijizik^mm^^'^^^^xh^om^x^<Dmm(omm<Dmmizm7FL 

[0298] _ 

LlM£*B*^M£&fctiU J*J6T|-*iELl^2A^Lfll 



m9mmmmizft^T&m^m&2Xnmmtffi-m?%mttmw-tz>tz&b 
<z>m 

[ m 1 2 ] p njfcMc:** it&Tt-^E h e— gaje \z-d l vr!&B.s-r <d m 
m^3mmmmmizm^m^m^Lm^mm(o^h\d-m^mu(omm^.^ 

imi4mmmMBAzm%m*mfri,&&mm<Dmmmtt-?m 

mi5mmmrmiz&^Tm&&ftzi^>vtfm'*z&rttzmGiz^Tmw 

■t&tz&xom 

imiemmmmizm&m*mfrLm&mw<Dmm%f&m&7jk-tm 
mi7mmmwm\zm&m*mfrLm&mw(Dtth\z-m^w.^<»fa^ 

m^ammm^mizm^m^m^Lm^mm(D^h\z^m^m^(o^iz^a> 

^m^Qmmmmm^z^lf^M^zl^^y^zm^m^(Dmmit^z'D^xmm■t 
z>tz&b(Dm 

m2ommmmmizm^m^m^Lm^mm<D^izmom^m^7n-tm 

im2imnmmmizm&m*mfrL&&mw:(Dm<Dffimmtt-?m 

m22mmmmmizm^m^m^LiM^mm(D^izi^(Dmm^^m 

im23mmm^mizm^m^m^L^thmm(D^izimmf^m^7jk-rm 

im24mmmmmizm^m^m^Lm^mm:<D^izm(om^m^-tm 

m25mmmmmiziJk^m^m^Lmt^mm(D^^zimmmm^7]k-tm 
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